A series of chloro-and fluoro-substituted thiocarboxyhydrazones, 2-(2-chlorobenzylidene)-N-methylhydrazinecarbothioamide (1), 2-(4-fluorobenzylidene)-N-methylhydrazinecarbothioamide (2), and 2-(2-chloro-4-fluorobenzylidene)-N-methylhydrazinecarbothioamide (3), were synthesized and characterized by elemental analysis, IR and UV-vis spectra, and single crystal X-ray diffraction. Structures of the three compounds are similar, but with slight modification by chloro-and fluoro-substitute groups. The crystal structures of the compounds are stabilized by hydrogen bonds and π···π interactions. The antimicrobial activity of the compounds shows that they are effective against some bacteria.
INTRODUCTION
The widespread excessive use of antibacterial agents lead to development of more resistant bacteria to commonly used antibiotics. This has led to intense research for new types of antibiotics. Hydrazones are a kind of interesting biological active compounds. In recent years, a number of hydrazones have been reported to have various antimicrobial activities.
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Thiocarboxyhydrazones are a special kind of hydrazone compounds, with the C=O groups replaced by C=S groups. The slight modification of the structures leads to more potent antimicrobial activities. [7] [8] [9] [10] In addition, such compounds have potential antitumor and cytotoxic properties. [11] [12] [13] Recent research indicated that halido-substituted hydrazones have more potent activities than those without such substitute groups. 14, 15 In order to explore more effective antimicrobial materials, in the present work, a serious of three chloroand fluoro-substituted thiocarboxyhydrazones, 2-(2-chlorobenzylidene)-N-methylhydrazinecarbothioamide (1), 2-(4-fluorobenzylidene)-Nmethylhydrazinecarbothioamide (2), and 2-(2-chloro-4-fluorobenzylidene)-Nmethylhydrazinecarbothioamide (3), have been prepared, characterized, and studied on their antimicrobial activities.
EXPERIMENTAL
General: All chemicals and solvents used during the synthesis were of AR grade and used as received. 2-Chlorobenzaldehyde, 4-fluorobenzaldehyde, 2-chloro-4-fluorobenzaldehyde and 4-methyl-3-thiosemicarbazide with AR grade were purchased from Aldrich. Elemental analyses (CHN) were performed using a Perkin-Elmer 240 elemental analyzer. Infrared spectrum was recorded on a Nicolate Magna IR 750 series II FT-IR spectrophotometer as KBr pellet. UV-Vis spectra from 200 to 600 nm were recorded on a PerkinElmer Lambda-25 spectrophotometer.
1 H NMR spectra were recorded on 300 MHz Brucker Advance.
Preparation of the compounds: The compounds were prepared according to the same method. Equimolar quantities of 4-methyl-3-thiosemicarbazide were reacted with 2-chlorobenzaldhyde, 4-fluorobenzaldehyde, and 2-chloro-4-fluorobenzaldehyde, respectively, in methanol for 3 h, and the reaction progress was monitored by TLC. Then, the solvent was removed by distillation to give colorless solid. The precipitate formed was filtered and washed with methanol and recrystallized from methanol. Single crystals suitable for X-ray diffraction, were obtained by slow evaporation of the methanol solution of the compounds. X-ray data collection and structure refinement: Suitable single crystals of the compounds were selected and mounted in air onto thin glass fibers. Accurate unit cell parameters were determined by a least-squares fit of 2θ values, and intensity data sets were measured on a Bruker Smart 1000 CCD diffractometer with Mo Kα radiation (λ = 0.71073 Å) at room temperature. The intensities were corrected for Lorentz and polarization effects, but no corrections for extinction were made. The structures of the compounds were solved by direct methods using the SHELXL 97 program. 16 The non-hydrogen atoms were located in successive difference Fourier syntheses. The final refinement was performed by full matrix least-squares methods with anisotropic thermal parameters for non-hydrogen atoms on F 2 . The amino hydrogen atoms were located from difference Fourier maps and refined isotropically, with N-H distances restrained to 0.90(1) Å. The remaining hydrogen atoms were located at the calculated positions. Crystallographic data and experimental details for structure analyses are summarized in Table 1 . Selected bond lengths and angles of the complexes are listed in Table 2 .
Fungal assay: C. albicans (ATCC 10231) was grown on Sabouraud dextrose agar (SDA) plates at 37 ºC and maintained at 4 ºC for short-term storage. Cultures were routinely sub-cultured every 4-6 weeks. Cultures were grown to the stationary phase (approximately 1 × 10 8 cells cm
) overnight at 37 ºC in minimal medium (2% w/v glucose, 0.5% w/v yeast nitrogen base, 0.5% w/v ammonium sulphate), again at 37 ºC. The complex (200 mg) were dissolved in DMSO (1.0 mL) and diluted by water (9.0 mL) to give a stock solution with concentration of 2.0 × 10 3 μg mL
. Doubling dilutions of the solution were made to yield a series of test solutions. Minimum inhibitory concentrations MIC 100 values (minimum concentration required to inhibit 100% of cell growth) were then determined using the broth microdilution method.
Bacterial screening: Bacteria were maintained on Nutrient Agar plates at 4 ºC and cultured in liquid broth when required. Liquid broth was used for the antibacterial testing. Liquid broth (13 g) was dissolved in water (1000 mL) in a Duran bottle, and then dispensed into 250 mL conical flasks, autoclaved and allowed to cool. Solutions of the complex were prepared by dissolving the complex (20 mg) in DMSO (0.5 mL). To the solution was added sterilised Millipore water (9.5 mL) to produce a stock solution of concentration 2.0 × 10
. Stock solution (0.5 mL) was added to sterile water (9 mL) to produce a drug solution with concentration of 100 μg mL -1 , and with the concentration of DMSO being 0.5%. This solution (100 μL) was added to a microtiter plate. 1:1 serial dilutions were made so as to produce a test concentration range of 50-0.1 μg mL -1
. Both E. coli and MRSA were grown in liquid broth at 37 ºC and 200 rpm to an OD 600 of 1.0. The microtiter plate was inoculated with 100 μL of bacterial cells (OD 600 = 1.0). The plates were incubated at 37 ºC for 24 h and OD 600 values were read using an RMX plate reader to give MIC 50 values (minimum concentration required to inhibit 50% of cell growth). Goodness-of-fit on F 
RESULTS AND DISCUSSION
Chemistry: 4-Methyl-3-thiosemicarbazide treated with appropriate aldehydes to produce the desired products (Scheme 1). The purity of all products was determined by TLC using several solvent systems of different polarities. The synthesized compounds were characterized by elemental analysis, IR and UV-vis spectra, and 1 H NMR spectra. The IR and UV-vis spectra (Fig. 1 ) of the compounds are very similar. The medium and sharp bands at about 3300 cm -1 are assigned to the ν N-H . The bands observed at slight over and below 3000 cm -1 are assigned to the aromatic and aliphatic C-H vibrations. The intense bands at about 1550 cm -1 are due to the absorption of the C=N bonds. 17 The medium bands in the region 830-860 cm -1 are attributed to the ν C-S . The absorptions of the electronic spectra may be assigned to the n→π* transitions. In the crystal packing diagram of the compounds ( Figure 5 for 1, Figure  6 for 2, Figure 7 for 3) , molecules are linked through intermolecular N-H···S hydrogen bonds (Table 3 ) and π···π interactions (Table 4) , to form 1D chains. 17 There is no obvious charge delocalization in the molecules, as evidenced by the typical C-N single bonds between atoms C8 and N3. Symmetry codes: (1) and Cg (2) are the centroids of C1-C2-C3-C4-C5-C6 (1) and C1-C2-C3-C4-C5-C6 (3), respectively.
Biological assay results:
The biological assay results are summarized in Table 5 . Compound 1 has medium activity against C. albicans and E. coli, but no activity against MRSA. Compounds 2 and 3 have similar activities against C. albicans and E. coli. As for the activity on MRSA, compound 3 is better than compound 2. From the results, it is not difficult to see that the 4-fluoro containing compound 2 has stronger activities than the 2-chloro containing compound 1. When the chloro and fluoro groups are combined together to one new compound 3, the activities are not improved obviously, except for MRSA. 
